glycine, which was from British Drug Houses Ltd. (AnalaR grade). All other reagents were of AnalaR grade.
Amino acid mixture. The synthetic amino acid mixture used in some experiments consisted of: 1 part by weight of cysteine and tryptophan; 3 parts by weight of alanine, asparagine, glutamine, isoleucine, proline and serine; 4 parts by weight of arginine, aspartic acid, glycine, methionine and threonine; 6 parts by weight of glutamic acid, lysine and valine; all were in the L-form, except glycien.
Preparation of ribosomes. Ribosomes were prepared by the procedure of Korner (1961) in which a rat-liver homogenate is centrifuged at 15000g for 10 min. and the supernatant is treated with one-ninth of its volume of 5 % (w/v) sodium deoxycholate in 003m-tris buffer, pH 8-2. The ribosomes were then separated by centrifuging and washed once as described by Korner (1961) .
Preparation of mitochondria and cell sap. Mitochondria and cell sap were prepared by the method described by Truman & Korner (1962) . After isolation the mitochondria were washed by centrifuging through a layer of 0-5M-sucrose as described by Truman & Korner (1962) .
Disruption of mitochondria. Various methods were used
in an attempt to prepare a soluble extract of mitochondria, including freezing and thawing, freeze-drying, and shaking with fine glass beads. The best results were obtained by the following method: the suspension of washed mitochondria in ice-cold 0-25M-sucrose was adjusted to pH by the addition of 0 05N-acetic acid, and was then immediately readjusted to pH 7.0 by adding 0-05N-KOH; the material was then centrifuged at 2000g for 10 min. at 00 and the supernatant fluid so obtained is referred to as the mitochondrial extract.
Preparation of 'pH 5' fractions. The pH 5 fractions were prepared from both cell sap and the mitochondrial extract by adjusting the pH to 5-2 by the addition of 0 05N-acetic acid at 0°. The precipitate was collected by centrifuging at 10000g for 5 min. at 00 and was then suspended in cold 35 mM-tris, pH 7*5, containing final concentrations: MgC12 (5 mM), NaCl (50 mM) and KCI (80 mM).
Incubation conditions. Unless otherwise stated, the incorporation experiments were carried out in a medium containing (final concentrations): tris, pH 7'5 (35 mM), sucrose (62 mM), MgCl2 (5 mm), NaCl (50 mM), KCI (80 mM) and ATP (5 mx). The final volume was 1 ml. and the incubation was carried out in centrifuge tubes which were shaken at 370 in a Dubnoff bath.
Preparation of protein samples and measurement of their radioactivity. At the end of the incubation period, the reaction was stopped by the addition of 0-5N-HC104, and the protein samples were prepared and their radioactivity was measured as described by Truman & Korner (1962) .
Preparation of ribonucleic acid samples and measurement of their radioactivity. RNA was isolated from samples of the mitochondrial extract by the method of Hoagland et al. (1958) and, after estimation of the RNA by its extinction at 260 mle, it was precipitated by the addition of 2 vol. of 96% (v/v) Effect of an amino acid mixture. When an amino acid mixture (for composition see the Methods section) was added (final concn. 0-1 mg./ml.) to the incubation mixture containing ribosomes and either the mitochondrial extract or the pH 5 fraction prepared from it, there was an inhibition of the incorporation of amino acids into protein ( Table 2 ). The inhibition was very much less in the presence of 0-6 mM-GTP.
Effect of puromycin. The effect of various concentrations of puromycin on the incorporation of amino acids into protein by ribosomes was studied with both cell sap and the extract of mitochondria. The results with the two systems are compared in Fig. 1 . Puromycin inhibits the incorporation of
[14C]leucine into protein in the presence either of cell sap or of mitochondrial extract, but the inhibition is less marked in the presence of the mitochondrial extract. The effect of puromycin on the release of labelled protein from the ribosomes into the soluble proteins was also studied in the two systems (Table 3 ). In the presence of either cell sap or the mitochondrial extract puromycin brings about an increase in the proportion of the total radioactivity in the soluble proteins.
Compari8on of the incorporation of amino acids into the ribonucleic acid of cell sap and the mitochotdrial extract. The pH 5 fractions prepared from both cell sap and the mitochondrial extract were incubated with DL-[1-14C]leucine, ATP and CTP, Vol. 85 and the incorporation of the radioactive amino acid into the RNA was measured. The results are shown in Fig. 2 . The cell sap contained 108 ,ug. of RNA/ml. of incubation medium, and the mitochondrial extract contained 82,ug. of RNA/ml. The incorporation of leucine into the RNA of the cell sap was very much greater than the incorporation into the RNA of the mitochondrial extract under the same conditions. No significant incorporation of amino acids into the RNA of the mitochondrial extract was obtained under any of the conditions tried, which included the addition to the incubation medium of GTP, of an amino acid mixture, and of puromycin. DISCUSSION The requirement for cell sap for the incorporation of amino acids into protein by rat-liver microsomes was shown by Zamecnik & Keller (1954) , and a similar effect of cell sap on the incorporation of amino acids into protein by rat-liver ribosomes has been demonstrated by Korner (1961) . showed that the fraction of the cell sap prepared by precipitation at pH 5-2 stimulated the incorporation of amino acids into protein by microsomes and that this stimulation was much greater in the presence of GDP or of GTP. Subsequent work analysed the effect of the cell sap into a number of stages: the activation of the amino acids with ATP to form an enzymebound amino acyl adenylate (Hoagland et al. 1956; Kingdom, Webster & Davie, 1958) , the transfer of the activated amino acid to a soluble RNA (Hoagland et al. 1958) , and finally the formation of the protein on the ribonucleoprotein particles (Littlefield et al. 1955) .
The work reported above indicates that the cell sap may be replaced by an extract of mitochondria, which is able to stimulate the incorporation of amino acids into proteins by ribosomes. If the percentage increase in incorporation caused by the addition of the cell sap or the mitochondrial extract is expressed on the basis of the protein content of the sap or the extract, then the mitochondrial extract is at least as active as the cell sap. This rules out the possibility that the stimulatory effect of the mitochondrial extract is due to its contamination by cell sap. The contamination of the mitochondria by other cell fractions is very slight when the mitochondria are prepared and washed in the 15-9 manner employed in these experiments (Truman & Korner, 1962) . Since cell sap can be replaced by the mitochondrial extract in the ribosome system, it seems possible that the mitochondrial extract is able to activate the amino acids and give rise to a soluble RNA charged with amino acids, which is then utilized by the ribosomes for incorporation into protein, but no direct evidence for the presence of a transfer RNA in mitochondria has been obtained from the work reported above. It has been suggested by various workers (Rendi & Campbell, 1959; Cohn, 1959; Hendler, 1962 ) that an alternative route for the incorporation of amino acids into protein might exist, not involving transfer RNA, and the mitochondrial extract may possibly be carrying out such a process. However, the evidence presented above is generally in accordance with the existence of a pathway in mitochondria analogous to the 'classical' incorporation processes involving transfer RNA.
Amino acid activation. The occurrence of amino acid-activating enzymes in mitochondria has been shown by Craddock & Simpson (1961) . They demonstrated that the tryptophan-and leucineactivating enzymes occur in rat-liver mitochondria, both on the basis of hydroxamate formation and of the exchange of 32p between ATP and pyrophosphate, and that they are dependent on the presence of amino acids. Roodyn et al. (1961) also obtained some evidence of such an amino acid-dependent exchange between ATP and pyrophosphate in an acetone-dried powder of mitochondria and a pH 5 enzyme prepared from mitochondria. The experiments reported above provide no direct evidence for the activation of amino acids in this way, but they are fully compatible with amino acid activation of, at least, histidine and leucine.
Transfer ribonucleic acid. When mitochondria are disrupted by detergents and centrifuged at 100 OOOg for 60 min., 15-20 % of the mitochondrial RNA remains in solution (Roodyn et al. 1961 ; D. E. S. Truman, unpublished work), and there is thus some reason to suppose that mitochondria contain an RNA analogous in some ways to the transfer RNA of cell sap. Rendir & Warner (1960) have also produced evidence of a low-molecularweight RNA in mitochondria, although they have by no means established that the RNA they describe is truly of mitochondrial origin. The mitochondrial extract described above also contained RNA.
Puromycin is an antibiotic that inhibits the transfer of amino acids from transfer RNA to protein (Yarmolinsky & de la Haba, 1959) , and the experiments reported above show that the action of puromycin on the incorporation of amino acids into protein in the presence of the mitochondrial extract resembles its effect on the incorporation of amino acids in the presence of cell sap. This effect provides indirect evidence for the occurrence of transfer RNA in the mitochondria. Nevertheless, all attempts to isolate from the extract an RNA labelled with [14C]leucine failed, even under conditions where the RNA of cell sap becamue rapidly labelled. It may well be, however, that different conditions are required for the labelling of the RNA in the mitochondrial extract, or for extracting it, from those successfully employed with cell sap.
The occurrence of amino acid-activating enzymes in mitochondria, and the similar effects of GTP and of puromycin on the incorporation of amino acids into protein in the presence of cell sap and of a soluble extract of mitochondria, all point to the occurrence of similar pathways of protein biosynthesis in mitochondria and in the system of microsomes and cell sap. Rapid incorporation of amino acid into protein occurs in vivo associated with membrane fragments of mitochondria relatively rich in RNA (Truman, 1961) , but there is no clear evidence so far for the presence in mitochondria of particles closely resembling ribosomes. SUMMARY 1. An extract of mitochondria was prepared which could replace cell sap in a system in vitro by stimulating the incorporation of amino acids into ribosomal protein.
2. A pH 5 precipitate prepared from the mitochondrial extract could replace the whole extract.
3. In the system containing ribosomes and mitochondrial extract GTP stimulated the incorporation of amino acids into protein, and puromycin was inhibitory. CTP and UTP were without significant effect.
4. No appreciable incorporation of amino acid into the RNA of the mitochondrial extract was detected.
5. The possible role of the soluble portion of the mitochondria in the incorporation of amino acids into protein in isolated mitochondria is discussed.
detailed study of the action of Lactobacillu8 bifidus dextranase on the branched dextran of Leuconostoc me,8enteroide8 (Birmingha strain). We have now examined the mechanism of action of two mould dextranases.
The PeniciUlium dextranases have been chosen for further study because, when the moulds are grown in media containing dextran, culture ifitrates containing very high endodextranase activities are readily obtainable. Inducible production of dextranase by certain of these moulds when grown on L. me8enteroide8 (NRRL B-512) dextran was first noted by Tsuchiya, Jeanes, Bricker & Wilham (1952) . The resulting extracellular dextranases were shown to cleave dextran randomly to glucose, isomaltose and isomaltotriose. Highly branched dextrans were not readily hydrolysed by these preparations, but no detailed studies were reported.
The availability of essentially unbranched dextran from Streptococcus bovis (Bailey, 1959) presented the possibility of inducing the production of a mould dextranase virtually uncontaminated by other carbohydrases, as the substrate contained only a-1-6-linkages. This has in fact been realized and the production, properties and action of two mould dextranases on oligosaccharides andbranched dextrans are now reported. Dextrans. Most dextrans were from our Departmental Collection. Others were isolated from cultures on sucrose of Leuconostoc mesenteroides, the particular strains of which were obtained from the National Collection of Industrial Bacteria, Torry Research Station, Aberdeen. S. bovis dextran, used as substrate for the moulds, was isolated from a 161. culture as described by Bailey & Oxford (1958) .
EXPERIMENTAL
Dextranase production. The moulds were inoculated into a
